Molecular biology of copper. A circular dichroism study on copper complexes of thionein and penicillamine.
Chicken liver Cd, Zn-thionein (metallothionein) was isolated from Cd-pretreated chickens weighing 1 500 g. The native Cd, Zn-thionein contained 9 g-atoms of metals per 12 000 g of protein. Upon the addition of Cu(CH3CN)4ClO4, all Cd2 and Zn2 were successfully replaced. 15 g-atoms of Cu from the acetonitrile perchlorate complex were bound to the protein. Due to the absence of aromatic amino acid residues, thionein has unique ultraviolet and circular dichroism properties. The shoulder of the ultraviolet spectrum at 250 nm (A250 X A280(-1) = 23.9) was shifted to 275 nm (A250 X A280(-1) = 1.6). No significant absorption was detected in the visible region. Th conformational changes of the protein moiety were much more visible in the circular dichroism spectra. The titration with Cu(CH3CH)2 caused the appearence of three new Cotton effects: 257.5 nm (+), 350 nm (+) and 301 nm (-). The negative Cotton effect at 239 nm of the original metallothionein was completely levelled off. The binding strength of copper with thionein is extraordinarily high: it survives proton treatment up to pH 1.9. Displacement of the Cd2 by Cu employing Cd-thionein which was formed at pH 2.2 resulted in the same circular dichroism properties as observed for Cu-thionein. D-Penicillamine proved a suitable model for the metal-free thionein, since redox reactions and polymerization of the sterically hindered thiol residue are known to be slow. The correlation of the circular dichroism properties of either copper complex using thionein or D-penicillamine was surprisingly high. Circular dichroism measurements of Cu(I)-D-penicillamine revealed Cotton effects at 255 nm (+), 280 nm (+) and 355 nm (-). Upon examining the red-violet mixed Cu(-i)-cu(II)-D-penicillamine complex, Cotton bands in the visible region at 425 nm (-) and 495 nm (+) were seen. In many blue copper enzymes, the copper is assumed to be in the neighborhood of both cysteine and aromatic amino acid residues, which are known to play an important role in the electron transfer. This is not the case in the Cu-thionein, which would explain many different properties of this copper protein. It is very attractive to conclude that the sterically hindered SH-group of D-penicillamine reacts with excess copper in a specific way, similar to the Cu-thionein. This phenomenon could explain the considerable success of D-penicillamine in the treatment of Wilson's disease.